Neutron Star Structure TOV equations of relativistic hydrostatic equilibr/ium: dp dr = − G c 2
(m + 4πpr
3 )(ǫ + p) r(r − 2Gm/c 2 ) P min ≃ 0.74
R sph 10 km 3/2 ms P min ≃ 0.96 ± 0.03 Neutron Star Matter Pressure and the Radius
follows from Buchdahl's analytic TOV solution Potentially Observable Quantities
• Apparent angular diameter from flux and temperature measurements
• Crust thickness
• Moment of Inertia 
Neutron Star Cooling
Gamow & Schönberg proposed the direct Urca process: nucleons at the top of the Fermi sea beta decay.
Energy conservation guaranteed by beta equilibrium
148 If x < x DU , bystander nucleons needed: modified Urca process is then dominant.
Neutrino emissivities:ǫ
Beta equilibrium composition: Minimal Cooling Paradigm
• If some observations are inconsistent with the MCP, then according to Sherlock Holmes, rapid cooling must occur for these exceptions.
• All sources are consistent with the MCP only IF
• tight conditions are placed on the magnitude and density dependence of the neutron 3 P 2 gap, AND
• some neutron stars have heavy Z envelopes and others have light Z envelopes, AND
• ALL core-collapse supernova remnants with no observable thermal emission contain black holes.
• Highly suggestive that rapid cooling occurs in some neutron stars (of higher masses?)
• A possible constraint on E sym (n), Analysis 1.14 ± 0.10 1.16 ± 0.13 3.246 ± 0.024 D (kpc) 7.7 ± 0.9 5.9 ± 0.5 5.2 ± 0.7 α 0.055 ± 0.011 0.117 ± 0.018 0.152 ± 0.26 β 0.065 ± 0.015, 0.39 ± 0.06 0.31 ± 0.06, 0.19 ± 0.06 0.25 R ∞ (km)
16.1 ± 1.6 12.5 ± 1.9 18.4 ± 3.1 R (km)
17.1 ± 1.7, 8.6 ± 0.9 7.7 ± 1.2, 9.8 ± 1.6 13.1 ± 2.2 M (M ⊙ ) 0.75 ± 0.08, 2.27 ± 0.23 1.62 ± 0.25, 1.27 ± 0.19 2.2 ± 0.4 Ozel et al. R (km)
13.8 ± 1.8 8.5 ± 1.2 9.8 ± 1.2 M (M ⊙ ) 2.1 ± 0.3 1.62 ± 0.12
